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SOME ASPECTS OF THE PHYSIOLOGY AND PATHOLOGY 
OF CORNIFICATION! 
E. MEIROWSKY, M.D., AND G. BEHR, M.D. 
Recent observations might throw a new light on the physiology and pathology 
of cornification. It is the purpose of the present paper to review some aspects 
of this problem. 
Cornification can best be studied by examining normal and pathologic condi-
tions with abundant production of keratin. The human sole, the pad of cats, 
warts of all kinds, but particularly the plantar warts and hyperkeratoses pro-
vided the best material for investigation. The following observations are limited 
to lesions with fully developed keratinization. 
The same method as described by the authors in a previous communication 
(18) have been applied in this investigation. 
I. THE DOVETAIL MECHANISM OF HORN SUBSTANCES AND THEIR PRECURSORS 
Mechanically, cornification takes place in a "dovetail" fashion. The dry, 
horny plates of the stratum corneum are equipped with hooks, ridges, spicules 
and protuberances. These structures fit into opposite grooves (Fig. A, 1). 
Dried, shrunken prickles, transformed into keratin, have been demonstrated 
by P. G. Unna (21, 22) and by J. M. H. MacLeod (12). These horn-like prickles 
can also be seen in osmicated plugs of lupus erythematosus and in osmicated, 
cornified Henderson-Paterson bodies of molluscum contagiosum (Fig. A, 3). 
It was P. G. Unna's opinion (21, 22) that interdigitation of prickles does not 
occur. In preparations fixed with osmic tetroxide or formalin, however, such 
interdigitation conforming to the dovetail mechanism, can be demonstrated (A, 
2, 3). 
Fig. A, 2. Specimen is fixed in formalin and stained with Mallory's connective tissue 
stain. Two bodies are pictured. The bluely stained body (gray in the drawing) is pre-
mature. The other is fully developed and stains red like horn substance (black in the il-
lustration). Their adjacent serrated surfaces join by dovetailing. 
Fig. A, 3. lllustration is taken from a specimen of plantar wart, fixed in Mann-Kopsch 
and post-osmicated for two weeks. It demonstrates interdigitation of horny prickles and 
one other phenomenon, cells with long, trailing processes. 
The following histologic figures show the dovetail mechanism strikingly: 
Osmicated and cornified Henderson-Paterson bodies (Fig. A, 4), the individual 
compartments of Henderson-Paterson bodies (Fig. A, 5), isles of cornification 
between stratum granulosum and corneum (Fig. A, 6), individual horn fibrils 
(Fig. A, 7), which are the components of horny plates (Fig. A, 1), the inner sector 
of such individual horn fibrils (Fig. A, 8), and free keratohyalin masses of the 
stratum corneum (Fig. A, 9). 
1 Received for publication October 13, 1947. 
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F. Weidenreich (31, 32) has already pointed to an intimate eohesion of horn 
cells. K. W. Zimmerman (33) has demonstrated this cohesion in the convoluted 
tubules of the loop of Henle. There can be no doubt that the dovetail mecha-
nism develops gradually and consecutively. Indicative of this concept are sec-
tions showing cloudy masses (Fig. A, 10) and others with cork-screw and digit-
like processes within these blurred masses (Fig. A, 11, 12). The latter might 
well represent an intermediate stage and a premature form of the fully developed 
dovetail mechanism. 
Horn fibrils contain transverse bands (Fig. A, 13) which stain with Gram-
Ernst. Their significance is not clear. 
II. KERATOHYALIN AND KERATIN 
A much debated problem is the relationship between keratohyalin subse~ 
quently referred to in this paper as (K-H) and keratin. W. Waldeyer (30), A. 
Blaschko (4), H. Apolant (2), and other authors looked upon K-H as a "prokera-
tin." P. G. Unna (28) considered K-H and eleidin a "by-product" of keratini-
zation. 
Data presented by the authors in a previous communication (18) and new 
observations seem to disprove Unna's views: 
(a) It is generally assumed that K-H, unlike horn substances, does not stain 
with osmium tetroxide (usually called osmic acid). In plantar warts, in the 
human sole and in the pad of cats, however, K-H can be stained by osmium 
tetroxide, provided that the Mann-Kopsch technic of fixation and of post-
osmication is applied for a period of one to three weeks.2 (Figs. B, 1, 2, 3, 4, 
5, 8, right column, 11, C, 1a to 1e). 
(b) Horn substances contain more tryosin than any other element of the 
skin. The Millon test was, therefore, introduced by L. Golodetz and P. G. 
Unna (9)3 a test which was later on modified by R. R. Bensley4 and J. A. Serra.5 
'Mann-Kopsch (34) (or Weigl's) technique. Osmium tetroxide "fi~es homogenously 
and renders very Iikelike preservation. It is a magnificent preservative of the living struc-
ture of cells. It excels all other simple fixatives in this respect" (John R. Baker: Cyto-
logical Technique, sec. edition, London, 1945). Fix in Mann's fluid which consists of a 
freshly prepared mixture of equal parts of 1% osmium tetroxide solution and saturated 
solution of sublimate in normal saline for one quarter to 2-3 hours, according to the size of 
the tissue. After fixation, the pieces are washed in two changes of distilled water and trans-
ferred to a glass-stoppered bottle containing just enough 2% osmium tetroxide in distilled 
water to cover them. They are left in a cupboard for 1 to 3 weeks, washed in distilled water, 
dehydrated and mounted in the usual manner, and examined without being stained. 
a L. Golodetz and P. G. Unna's method (39) for the Millon test (Mtshft f. prakt. Derma., 
47: 595, 1908). Frozen sections are transferred to a mixture of equal parts of Millon's 
reagent and distilled water to which is added a fifth volume pure glycerin for half an hour. 
Without being washed in water, the sections are immersed in 25% nitric acid for a short 
time. Finally, they are dehydrated and mo~nted in balsam. 
• Bensley's Millon test (40) "Prepare a solution of nitric acid by making up 400 cc. of 
concentrated nitric acid, specific gravity 1.42, to a volume of 1 liter. This is allowed to 
stand for 48 hours in order to allow the reaction with water to dispose of any free nitrous 
acid present; then it is further diluted. Forty cc. are made up to 400 and saturated with 
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Treatment of small pieces of plantar warts in Serra's mercuric mixture for one 
half hour results in a positive reaction of horn substances and K-H. This re-
action was still present one year later. K-H in plantar warts, however, does 
not react with Golodetz-Unna's technic. 
The available methods for the demonstration of tyrosin vary to such an extent 
that standardization will be necessary in order to draw definite conclusions from 
their outcome. 
(c) The bizarre forms of K-H, known as keratohyalinides and first described 
by John T. Bowen (5) show, like horn substances, spicules, ridges, hooks and 
protuberances (Figs. B, 1, 2, 3, 11, C, 1a to 1e). 
These keratohyalinides show an abundance of vacuoles (Figs. C, 1a to 1e) 
described and pictured in a previous communication (18). 
(d) In those horn cells of plantar warts which are filled with epithelial fibrils, 
K-H can be found in free masses (Fig. B, 11). The same applies to other horn 
cells of the stratum corneum in which the K-H is arranged in dovetail fashion 
(Fig. A, 9). Horn cells are not empty as usually assumed. They contain many 
different kinds of granules. The most striking feature of these horn cells is the 
presence of K-H in most bizarre forms (Figs. B, 1, 8, right column, 11), often con-
taining vacuoles (Fig. B, 2), and exhibiting the dovetail mechanism (Fig. A, 9). 
These features do not suggest that horn cells are "dead" as claimed by F. Weidenrich 
(31, 32). It is more likely that horn cells are "the most highly developed cells of the epider _ 
mercuric nitrate crystals. To 400 cc. of this solution add 3 cc. of the original acid solution 
(approximately 40 per cent) and 1.4 gm. of sodium nitrite. This solution should be tested 
with tyrosin, which should give a reaction almost immediately without heat, and which 
reaches a maximum rapidly and will stand under the reagent for 24 hours without changing 
color to yellow. 
In applying this solution to sections, the section fastened to the slide (without albumen, 
where the albumen because of its positive reaction may confuse the results) is immersed in 
the Millon reagent, cold. A maximum reaction should be obtained in about 3 hours, after 
which time the section should show on the whole a perceptible rose color but sections should 
be removed at intervals to test for the optimal staining. 
To complete the preparation the slides are removed from the Millon reagent, immedi-
ately dipped in a 1 per cent of nitric acid, then passed rapidly through absolute alcohol 
and xylol and mounted in balsam." 
5 J. A. Serra's modification (41) of the Millon test: Use eitherfrozen sections or fixed tissues 
in a mixture consisting of two volumes 96% alcohol, one volume of commercial formalin 
(40% formaldehyde), and some drops of glacial acetic acid in 10 mi. of the mixture. After 
fixation, the pieces are well washed in running water, and finally in distilled water. Pass 
through up-graded alcohols to xylol, and embed in paraffin. Procedure: (a) immerse ob-
jects for 30 minutes in a few milliliters of the mercuric solution (composition: HgSO,, 7.5 
gm.; HgCl 2 , 5.5 gm.; Na2SO., 7.0 gm.; dissolved in 85 mi. of distilled water to which 12.5 gm. 
of concentrated H 2SO. is added; after dissolving, dilute to 100 mi. with distilled water). 
Perform the treatment in a small glass-stoppered bottle, placed in a water bath which is 
maintained at 60°C. (b) After this treatment, cool the bottle in running water and allow 
to stand at room temperature for 10 minutes. (c) Dilute the mercuric solution in the 
bottle, by addition of an equal volume of distilled water. (d) Develop the color, adding 
now some drops of a freshly prepared 1 M solution of sodium nitrite (6.9 gm. N aNO, in 100 
mi. of water). Material is mounted and examined in pure glycerin. 
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FIG. A 
Abbreviations: Pl. Wa., Plantar Wart; Ma-Ko., Mann-Kopsch fixation; For., Formalin 
fixation; P.O., Postosmication; Ch-Ku., Champy Kull method; Mal., M'1llory method; 
Gr-E., Gram Ernst method; Un., Unstained; En., Enlargement; K-H, Keratohyalin; O.T., 
Osmic tetroxide. 
1. Pl. Wa. Dovetail in horny plate. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
2. Pl. Wa. Two horn bodies. Their surfaces are serrated. For. Mal. En. 540. 
3. Pl. Wa. Interdigitation in areas of incomplete cornification (stratum corneum) and 
cells with long trailing processes. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
4. Molluscum contagiosum. Henderson-Paterson bodies, joined by dovetail. Ma-Ko. 
P.O. 3 weeks. Un. En. 1080. 
5. Molluscum contagiosum. "Compartments" of Henderson-Paterson bo:lies joined 
by dovetail. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
6. Pl. Wa. Dovetail in areas of incomplete cornification (stratum corneum). For. Gr-
E. En. 550. 
7. Pl. Wa. Dovetail of individual horn fibrils. For. Gr-E. En. 540. 
8. Dovetail of inner structure of horn fibrils. For. Gr-E. En. 1080. 
9. Free masses of keratohyalinides (stratum corneum) in dovetail fashion. Ma-Ko. P.O. 
3 weeks. Un. En. 1080. 
10. Pl. Wa. Cloudy masses on top of stratum corneum. Ma-Ko. P.O. 3 weeks. Un. En. 
250. 
11. Pl. Wa. Cork-screw and digit-like processes in blurred mass of stratum corneum. 
Ma-Ko. P.O. 2 weeks. Un. En. 250. 
12. Human sole. Digit-like processes in blurred mass of stratum corneum. Ma-Ko. 
P.O. 2 weeks. Un. En. 250. 
13. Pl. Wa. Transverse bands in individual horn fibrils. For. Gr-E. En. 1080. 
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FIG. B 
Abbreviations: Pl. Wa., Plantar Wart; Ma-Ko., Mann-Kopsch fixation; For., Formalin 
fixation; P.O., Postosmication; Ch-K., Champy-Kull method; Mal., Mallory method; 
Gr-E., Gram-Ernst method; Un., Unstained; En., Enlargement; O.T., Osmic tetroxide. 
1. Pl. Wa. Cornified K-H in horn cells. Ma-Ko. P.O. 3 weeks. Un.En. 1080. 
2. Pl. Wa. Cornified K-H showing large vacuoles. Ma-Ko. P.O. 3 weeks. Un. En.1080. 
3. Pl. Wa. Two K-H bodies with spicules. The lower body is blackened by O.T. The 
upper body is blackened only at its membrane. Its centre is stained with Ch-K. 
Ma-Ko. P.O. 1 week. Ch-K. En. 1080. 
4. Pl. Wa. Stratum granulosum. Half of cell shows blackened K-H. The other h ;df 
is totally blackened . K-H here no more visible. Ma-Ko. P.O. 3 weeks. En. 1080. 
5. Pl. Wa. Stratum corneum contains cells with blackened K-H. Ma-Ko. P.O . 3 
weeks. Un. E. 1080 . 
6. Pl. Wa. Different shapes of nuclei in stratum malpighii . Ma-Ko. P.O. 3 weeks. 
Un. En. (drawing) 1080, (microphotographs) 450. Cell on the right hand side shows 
Lipschuetz' intranuclear inclusion. 
7. Pl. Wa. Nuclei in stratum corneum without inner structure showing viruses. Lip-
schuetz' intranuclear inclusions. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
8. PI. Wa. left column Nuclei of vacuolated cells stimulating the picture of cornified nuclei. 
Ma-Ko. P. 0. 3 weeks. Un. En. 1080. 
8. Pl. Wa. right column Keratohyalinides in horn cell. Nucleus hardened and with-
out Rtructure (arrow). Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
9. Human sole showing numerous vacuolated cells. Ma-Ko. P.O. 2 weeks. Un. En. 580. 
10. Human sole. One of the vacuolated cells of picture 9 in 3 different formsses. Ma-Ko. 
P.O. 2 weeks. Un. En. 1080. 
11. Pl. Wa. K-H in horn cell with unaltered epithelial fibrils. Ma-Ko. P.O.~ weeks. 
Un. En. 1080. 
12. Darier's disease. Two horn fibrils, one lying on top of the other in transition layer 
between stratum granulosum and stratum corneum. Half of the lower fibril is filled 
with K-H bodies. The other half is without K-H. The fibril on top does not show 
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FIG. C 
Abbreviations: PI. Wa., Plantar Wart; Ma-Ko., Mann-Kopsch fixation; For., Formalin 
fixation; P .0., Postosmication; Ch-Ku ., Champy-Kull method; Mal., Mallory method; 
Gr-E. , Gram-Ernst method; Un., Unstained; En., Enlargement; K-H, Keratohyalin; O.T ., 
Osmic tetroxide. 
1. a-e . Pl. Wa. Vacuolated K-H in many shapes. Ma-Ko, P .O ., 3 weeks. Un. En. 400. 
2. Pl. Wa. Stratum corneum. Blackening of mantle of cells only. Ma-Ko. P.O. 3 
weeks. Un. En. 400. 
3. Molluscum contagiosum. Framework with hooks, spicules, branches and side branches. 
The branches surround the Henderson-Paterson bodies and exhihit. the dovetail 
mechanism. Ma-Ko. P .O. 3 weeks . Un. En. 1080 . 
4. Pl. Wa. Framework with branches and side branches, hooks, and spicules. The 
branches surround empty horn cells and vacuoles. Ma-Ko . P .O. 3 weeks. Un. En. 
400. 
5. Pl. Wa. Framework of stratum corneum with hooks, spicules, protuberances, and 
grooves. Ma-Ko. P.O. 3 weeks. Un. En. 400. 
6. Pl. Wa. Framework of stratum corneum with hooks, spicules, protuberances and 
grooves. Arrows show three horn bodies with a pattern on their surfaces. Ma-Ko. 
P.O. 3 weeks. Un. En. 400. 
7. Pl. Wa. Framework of stratum corneum with hooks and spicules. Lower body is 
a typical Lischuetz horn body. Body on top shows a pattern on its surface. Ma-
Ko. P.O. 3 weeks. Un. En. 400. 
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mis" as pointed out by J. M. H. MacLeod and I. Muende (13). It seems, however, probable 
that the dried cells of the squame are "dead". They have lost the property of horn cells 
to reduce osmic tetroxide. This phenomenon cannot be explained as long as we do not 
know whether an oxidase participates in the process of cornification. 
(e) In a previous communication (18) we have demonstrated the metamor-
phosis of K-H to large bodies which we temporarily called "thimble bodies". 
First, they take on a vacuolated appearance and stain blue with Mallory, then 
they are converted into cornified, vacuolated and non vacuolated structures which 
stain red with Mallory (Fig. D,5,8) and several pictures in our previous paper (18). 
During this process of maturation, K-H manifests itself in wavy lines on the 
surface of the bodies. In the areas surrounding the thimble, K-H gives the 
picture of a fine grain. 
(f) It was P. G. Unna's doctrine (23, 24, 28, 29) that K-H is composed of a 
basic and of an acid component. This does not apply to studies in plantar 
warts, fixed in Mann-Kopsch solution, post-osmicated for one week only, and 
stained by Champy-Kull's method.6 The latter contains acid fuchsin which 
stains the centre of K-H red. The neutral osmic tetroxide blackens the mem-
brane of K-H (Fig. B, 3). Gradually, the black of the membrane spreads over 
the whole K-H body until it takes on the appearance of a black structure like 
horn substance (Fig. B, 3 lower body). This process might well indicate the 
first step of keratinization of K-H. 
(g) Tooth-like spicules, fitting into opposite grooves, may be seen in the K-H 
of the transitional layer between stratum granulosum and corneum (pictured 
in ref. 18). Large, neighboring K-H bodies can be found in this area. 
(h) In the stratum granulosum individual cells can be found, partly black, 
partly filled with K-H granules (Fig. B, 4). In the basal layer of the stratum 
corneum are cells still filled with blackened K-H (Fig. B, 5). 
(i) The cornification of individual cells can also be observed during the life-
cycle of Henderson-Paterson bodies, as described in a previous communication 
(17), and in the "corps rands" in Darier's disease. The latter develop from 
ordinary epithelial cells. An enormous production of K-H takes place. The 
K-H seems to undergo a process of "melting" (P. G. Unna, 26) and changes into 
s Champy-Kull's acid fuchsin-toluidin blue-aurantia method (35). Fix in Champy's mix-
ture (7 parts of 3% bichromate of potash, 7 parts of 1% chromic acid, 4 parts of 2% osmium 
tetroxide) or in Flemming-without acetic acid, or in Mann's fluid for 24 hours, and wash in 
distilled water. Transfer pieces to a mixture of 1 part acid acet. pyrolignosum rectifica-
tum, and 2 parts 1% chromic acid, for 24 hours. Wash half an hour in distilled water, and 
transfer to a 3% solution of potassium bichromate for 3 days. Wash under tap for 24 hours; 
pass through up-graded alcohols to xylol; embed in paraffin. Staining procedure: (a) 
Stain in Altmann's acid fuchsin anilin oil mixture (5-10 gm., of acid fuchsin in 100 cc. of 
anilin oil-water) and heat until steaming. (b) Set slide aside to cool for 6 minutes, pour 
off, and wash quickly in distilled water. (c) Counterstain in a 0.5% solution of toluidin 
blue for 1 to 2 minutes. Wash in distilled water. (d) Transfer to a 0.5% solution of 
aurantia in 70% alcohol for from 20 to 40 seconds, watching the extraction of fuchsin stain 
under microscope. Differentiate the blue stain in 96% alcohol, then absolute alcohol, 
xylol and balsam. 
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keratin. The Millon test, carried out with Bensley's and J. A. Serra's modifica-
tions, is positive in the "shadow" cells of the stratum corneum. These "shadow" 
cells stain like any other horn substance. 
(j) Still more conspicuous is the change of K-H into keratin in individual 
fibrils. In a case of Darier's disease, we found one such fibril lying on top of the 
other. The fibril on top stained red with Mallory. Half of the fibril on the 
bottom was composed of isolated K-H granules, arranged like a rosary. The 
other half of this fibril showed granules which were barely recognizable (Fig. B, 
12). There can be no doubt that the change from K-H into keratin develops 
gradually and consecutively. In a specimen of cutaneous corn, stained with 
Mallory, we found grouped together: (a) K-H bodies arranged like a rosary, 
(b) K-H bodies embedded in a ground substance, (c) solid bodies of horn sub-
stance. 
Considering these observations, it seems more reasonable to suppose that 
K-H is a forerunner of keratin rather than a by-product of keratinization. It 
seems to be a prokeratin which changes into keratin. 
These conclusions refer to the objects examined by us, particularly hyperkeratoses. 
They cannot be applied to those conditions in which cornification can take place in the 
absence of K-H (red portions of lip, horn layer of human embryo, some animals). Other 
parts of the cell, also, participate in the manufacturing of keratin and might act as a sub-
stitutes. Nothing, however, is known about this process, and the difference may be purely 
a quantitative one. 
III. NUCLEUS, CYTOPLASM, AND THE "INTERCELLULAR SUBSTANCE" 
(a) Nucleus. The nucleus of-the epithelial cell takes part in the process of 
cornification, going through various stages of metamorphosis. In the ultimate 
form, the membrane of the nucleus is characterized by spicules, hooks, and ir-
regular protuberances (Fig. B, 6). This description applies to non-vacuolated 
epithelial cells of plantar warts. Vacuolated cells may stimulate such a picture 
(Fig. B, 8, left column). The consistency of the nucleus and its marginal nuc-
leoli changes into that of a hard mass which is devoid of structures (Fig. B, 6, 8, 
right column). This applies to many epithelial nuclei. Some do not seem to take 
an active part in the process of cornification. In osmicated preparations they take 
on a grayish color, show no karyosomes and contain a virus (Fig. B, 7, left half of 
the drawing). 
(b) Cytoplasm and the Intercellular Substance. The cytoplasm also takes part 
in the process of cornification. It is our belief that the same applies to the 
"intercellular substance". Unfortunately, histologic studies do not render 
sufficient proof for this concept. In P. G. Unna's opinion (25), the clear spaces 
between prickle cells are not lymph spaces, but transparent membranes which 
undergo cornification and produce the cornified membrane of the cell. It is 
possible that these membranes represent the often discussed cement-like sub-
stance between epithelial cells. A. Maximow and W. Bloom (15) feel that a 
small amount of intercellular substance acts as a plastic cement. Microdissec-
tion, carried out by R. Chambers and G. S. Renyi, 1925 (6) did not reveal any 
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FIG. D 
Abbreviations: Pl. Wa., Plantar Wart; Ma-Ko., Mann-Kopsch fixation; For., Formalin 
fixation; P.O., Postosmication; Ch-Ku., Champy-Kull method; Gr-E., Gram Ernst method; 
Un., Unstained; En., Enlargement; K-H., Keratohyalin; O.T., Osmic tetroxide. 
1. Pl. Wa. Verruca vulgaris. Intranuclear and intracellular vacuoles in basal cell layer. 
Ma-Ko. P.O. 3 weeks. Un. En. 400. 
2. Verruca vulgaris. Vacuoles in cells of stratum malpighii. Ma-Ko. P.O. 3 weeks· 
Un. En. 1080. 
3. Verruca vulgaris. Vacuoles in cells of stratum malpighii. Ma-Ko. P.O. 3 weeks· 
Un. En. 1080. 
4. Pl. Wa. Large vacuolated body. Millon test. Gray in drawing is red in section. 
For. En. 1080. 
5. Pl. Wa. Large vacuolated body without nucleus. Ma-Ko. P.O. 3 weeks. Un. En. 
1080. 
6. Lichen planus verrucosus. Large vacuolated body with nucleus without structure. 
Bouin fixation. Haematoxylin-eosin. En. 1080. 
7. Pl. Wa. Horn body divided into compartments in which a virus is visible. Ma-Ko. 
P.O. 3 weeks. Un. En. 1080. 
8. Large vacuolated horn body in prickle cell layer. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
9. Pl. Wa. Horn body in stratum corneum, divided into compartments in which viruses 
are assembled. Ma-Ko. P.O. 3 weeks. Un. En. 250. 
10. Pl. Wa. Horn body in stratum corneum, divided into compartments in which viruses 
are assembled. Ma-Ko. P.O. 3 weeks. Un.En. 1080. 
11. Lichen planus verrucosus. Large vacuolated cell in stratum corneum. Bouin. Hae-
matoxylin-eosin. En. 1080. 
12. Same. The large vacuole shows in another focus a structure exhibiting the dovetail 
mechanism. Bouin. Haematoxylin-eosin. En. 1080. 
13. Pl. Wa. Vacuoles and K-H in horn fibril. Ma-Ko. P.O. 3 weeks. Un. En. 1080. 
14. Pl. Wa. Vacuoles and K-H in stratum granulosum. Ma-Ko. P.O. 3 weeks. Un. 
En. 1080. 
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evidence of cement between the cells of the human epidermis, but did reveal a 
slimy, cement-like substance in the transitional epithelium of t he bladder of 
guinea pigs. Deeper cells even offer evidence of a delicate "surface film or mem-
brane". Properly timed osmication methods might throw some light upon the 
existence of a cement-like intracellular substance. 
One week post-osmication after fixation in Mann-Kopsch solution permits 
differentiation between the mantles of cells and their inner structure; while the 
latter still stains with Champy-Kull reagent, the cell mantle takes on a black 
appearance. C-2 is post-osmicated for three weeks but still shows the distinct 
blackening of the mantle only. It is equipped with hooks and spicules. The 
same effect can be obtained by Jacobs' method (16). In specimen prepared in 
such a manner, the cell mantle is stained as red as horn substances. Three 
weeks post-osmication reveals a framework infiltrating the stratum malpighii, 
granulosum and corneum. 
Figure C, 3 (osmicated molluscum contagiosum) represents one of the rela-
tively rare instances in which an intercellular substance is situated in one limited 
space so that its entire course can be followed in one section. A cement-like 
substance is shown to separate into tortuous branches. Exhibiting the dovetail 
mechanism these branches surround the Henderson-Paterson bodies. 
Sections through plantar warts and molluscum contagiosum fixed in Mann-
Kopsch reagent, and post-osmicated three weeks, demonstrate even more clearly 
the existence of a tree-like framework with many entwining branches (Figs. C, 
3, 4, 5, 6, 7). These branches encircle numerous structures, some of which are 
filled with coarse or fine granules, others with millions of tiny dots (Figs. D, 7, 
10). The size and uniformity of the latter point towards their virus nature 
(Figs. D, 7, 9, 10). Throughout this framework all the features of horn sub-
stances are exhibited; hooks, spicules, protuberances and grooves (Figs. 
c, 3, 4, 5, 6, 7). 
This epidermal framework, with its branches, hooks and grooves seems to possess 
the features of a living substance. 
IV. OCClJRRENCE AND SIGNIFICANCE OF VACUOLES IN NORMAL AND PATHO-
LOGIC CONDITIONS, ESPECIALLY IN WARTS 
It is generally believed that the occurrence of vacuoles is a sign of cell degenera-
tion. In the light of new experiments (19) this doctrine does not hold any longer. 
J. H. Gilmour (8) described vacuoles as intranuclear inclusions in the epithelium 
of the human male genital tract. J. A. Hammar described (10) vacuoles in the 
cylindric cells of the epididymis of dogs. He, also, observed intranuclear 
vacuoles as the residua of granules which had entered the cytoplasm. In a 
previous communication (19) we have experimentally proved that vacuole 
formation is a physiologic phenomenon. 
1. Experimental Production of Goblet Cells in the Rabbit's Cornea 
By various stimuli (ultraviolet light, infrared rays, short wave diathermy, sera, toxins) 
goblet cells can be produced in the rabbit's cornea. The first stage in the development of 
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goblet cells is the occurrence of intranuclear vacuoles. These increase in size and number, 
coalesce, and are extruded into the cytoplasm. A trabecular structure is formed. Gran-
ules which give a positive mucin reaction then appear between the strands of this structure. 
By short wave diathermy, we have been able to change two-thirds of the epithelial cells of the 
cornea into goblet cells. 
2. Vacuoles and the Formation of Melanin 
The process of melanin formation in normal skin is closely linked with the appearance 
of vacuoles (unpublished experiments). K. Apits (1) demonstrated in melanocarcinomas 
and pigmented naevi that melanin originates, and is formed in intranuclear vacuoles. In 
his illustration No. 4, he pictures different degrees of pigmentation in different vacuoles 
of the same nucleus. 
3. Vacuoles and the Formation of Pigment, Fat, Glycogen and I ron in 
Intranucleolar Vacuoles of Normal Liver Cells 
W. Berg's important research (3) has disclosed that the normal liver of an executed man, 
examined shortly after death, contains numerous intranucleolar vacuoles which coalesce 
with the membrane of the nucleolus and empty their content of liver pigment, fat, glycogen 
and iron into the cytoplasm. 
4. Vacuoles in Infectious Diseases 
In warts and in many virus diseases, the virus is assembled in vacuoles. H. Riecke (20) 
has demonstrated that the lepra bacillus is located in vacuoles of the endothelial cells of 
capillaries. 
5. Vacuoles during Formation of Keratin. Staining Reactions of Vacuoles, 
Their Physiology and Pathology 
The present investigation has brought to light the significance of vacuoles in 
keratinization. 
In osmicated preparations of the human sole and the pad of cats, vacuoles 
make their appearance in great numbers (Fig. B, 9). Bringing into focus various 
strata of the vacuoles, often a definite structure can be recognized (Fig. B, 10 
showing three different focuses of a vacuole). This phenomenon is even more 
obvious in the large vacuoles of plantar warts and other hyperkeratoses. Fig. 
D, 11 demonstrates such a large vacuole in lichen planus verrucosus. Through 
its transparent membrane, a dovetail structure can be identified and can be 
brought into focus (Fig. D, 12). 
The accumulation of vacuoles in the stratum corneum (Fig. D, 13) and granu-
losum (Fig. D, 14) might be explained by their participation in the process of 
keratinization. Application of the Millon test to vacuoles of plantar warts by 
Golodetz-Unna's method on frozen sections shows various transitions: an un-
stained, a pinkish, and a red phase. Thus, the positive Millon test becomes the 
final proof for the significance of vacuoles as a source of keratin formation. 
There is experimental evidence that the granules in vacuoles of immature 
goblet cells can be stained. They stain with eosin, Biebrich scarlet, light green 
Masson's ponceau-acid-fuchsin, sometimes metachromatically with thionin and 
toluidinblue, and with mucicarmin and mucihaematin. 
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Vacuoles of keratohyalin in plantar warts show some interesting features: in 
osmicated preparations a distinctly gray-brown matrix of the cavities of the 
vacuoles becomes visible (18). Haematoxylin-eosin stains the vacuoles pinkish 
or red. Mallory stain and its modifications stain them blue or grayish-blue, and 
in these vacuoles a virus can be demonstrated. As a rule, the vacuoles are so 
deeply stained by waterblue that the virus, localized in them, becomes invisible. 
A careful differentiation is essential to demonstrate the virus. This does not apply 
to McFarlane's7 and to Lee-Brown's8 modification of Mallory's method. 
6. The Life Cycle of the Basal Cells of Warts 
Some observers have described the occurrence of vacuoles m warts (W. 
Dubreuilh, 7, John T. Brown, 5, B. Lipschuetz, 11). Their significance, however, 
has never been explained. 
In the basal cells of plantar and other warts, vacuoles first appear as intra-
nuclear inclusions (Fig. D, 1). Their multiplication is brought about by an 
extensive process of budding (Figs. D, 2, 3) throughout the stratum granulosum 
and stratum corneum which eventually results in giant formations (Figs. D, 4, 
5, 7, 10). Occasionally, these can be found in the prickle cell layer where they 
retain their prickles (Fig. D, 8). They give a positive Millon test and become 
cornified (Fig. D, 4; gray in the drawing, red in the specimen). These structures 
vary in size from 4 by 5 to 40 by 80 microns. They show a variety of form and 
contour (Figs. D, 4-10). In a case of lichen planus verrucosus, we have found 
the same structures, partly vacuolated, partly non-vacuolated. These struc-
tures, contrary to those in plantar warts, had retained a nucleus without inner 
detail (Fig. D, 6). This and their occasional appearance with prickles (Fig. D, 
8) must mean that these formations are derived from ordinary epithelial cells. 
This development takes place by a process of vacuolation and cornification. 
Histologically, they are horn bodies. They are not specific for warts, and have 
been found in individual cases of molluscum contagiosum, Paget's, Darier's, 
7 D. McFarlane's modification (38) of Mallory's method (36). We have worked with 
McFarlane's third modification: Picric acid 0.2 g.; acid fuchsin 1.0 g. Anilin blue 2.0 g.; 
phosphotungstic acid 1.0 g.; 2% acetic acid 100.0 ml. Preparation: to 100 mi. water add the 
dyes and phosphotungstic acid. Bring to boil and allow to cool. Add 2 mi. glacial acetic 
acid and filter. Procedure: 1. Stain inhemalumfor the normal time. 2. Rinse in water and 
pass to the above "Picro-Mallory" solution for a period depending on the fixative, tissue, 
etc. Five minutes in the solution gives a satisfactory picture; prolonged staining increases 
the density without any deterioration in the picture. 3. Rinse in 2% acetic acid and differ-
entiate in the blue differentiator for about a minute. Remove the differentiator in 2% 
acetic acid. 4. Dehydrate rapidly and mount. Blue differentiator: stock solution (phos-
photungstic acid 25 g.; picric acid 2.5 g.; 95% alcohol100 ml) 10 mi.; water 90 mi. We have 
achieved satisfactory results by differentiating the sections with 70% alcohol and rapid de-
hydration. 
s Lee-Brown's modification of Mallory's method (37). Acid fuchsin 1% for 30 seconds. 
Distilled water 1 to 2 minutes. Stain: Anilin blue 0.5 g.; orange G. 2.0 g.; phosphomolybdic 
acid 2.0 g.; distilled water 100 cc. Stain for one to five minutes in this solution. Distilled 
water 2 to 5 minutes. Phosphomolybdic acid 1% for 30 seconds. Distilled water 1 to 2 
minutes. Dehydrate, clear, and mount. 
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Bowen,'s disease, epithelioma, and in great numbers in lichen ruber verrucosus 
(Fig. D, 6) and cutaneous horn. So far, we have not been able to demonstrate 
these bodies in other hyperkeratoses, such as porokeratosis Mibelli, keratosis 
pilaris and acne. 
In these horn bodies of warts, a virus arranged in compartments (Figs. D, 7, 
10; Fig. D, 9 is a microphotograph of Fig. D, 10) can, at times, be demonstrated, 
a fact which points to their particular significance. We must be dealing here 
with specialized horn bodies, developed so as to become structurally adapted to 
the performance of a particular function. A tentative theory would be that they 
are the inclusion bodies of warts. Unfortunately, histologic methods cannot 
give a satisfactory answer to this problem. Micro-dissection and other experi-
ments are warranted. 
In a previous communication (18), the same bodies have been demonstrated 
as in this paper. We concluded from our observations that they derived from 
the vacuolated K-H bodies. The fact that K-H and the vacuoles as well are 
changed into keratin, supports our previous views. In this paper we have 
proved that the same formations develop from basal cells by a process of cornifi-
cation and vacuolation. Both structures show the same features: a transition 
stage between an immature phase, in which they stain blue with Mallory, and a 
ripe phase, in which they stain red with Mallory, like horn substances. Both 
show masses of K-H on their surface. Both are growing from a very small body 
to giant formations. Both give the same staining and chemical reactions. 
There is no doubt that we are dealing with the same structures. 
B. Lipschuetz (11) also has pictured "giant horn cells" which can often be 
found in osmicated preparations. The structures, described in this communica-
tion, differ to some extent from those described by Lipschuetz. Showing 
vacuolation and a pattern of lines on their surface (Fig. C, 6, three horn bodies; 
Fig. C, 7, lower body is a typical Lipschuetz horn body and body on top shows a 
pattern of fine lines; Fig. C, 8, two vacuolated bodies), they are similar to the 
deeply stained patterns on the surface of Henderson-Paterson bodies of mol-
luscum contagiosum (29). We regard this pattern as further proof for the 
segregation of the Henderson-Paterson bodies into compartments. It remains 
to be seen whether the same interpretation can be applied to the horn bodies of 
warts. 
L. Martinotti (14) has described in the thimble of filiform warts homogenous 
hyaline bodies without vacuolation. 
The problem of cornification is one of the most important problems in the 
histology of the skin. Although we have attempted to bring to light some new 
observations, further studies are warranted to explain all details of keratini-
zation. 
SUMMARY 
1. Horn substances and their precursors are equipped with a dovetail mecha-
msm. 
2. Keratohyalin does not seem to be a by-product of keratinization, but a 
prokeratin which is converted into keratin. 
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3. The part which the nucleus and the cytoplasm play in the process of corni-
fication has been demonstrated. The problem of an intercellular cement-like 
substance has been discussed. 
4. The physiologic significance of vacuoles in normal and pathologic tissue has 
been demonstrated. Their transformation into keratin has been shown in 
warts. Knowledge of the physiology and pathology of vacuoles, still in its 
infancy, requires further elucidation and investigation. 
5. Vacuolated basal cells and vacuolated keratohyalin are transformed into 
specialized horn bodies by a process of vacuolation and cornification. The 
staining reactions during this process have been described. These horn bodies, 
in which at times a virus can be demonstrated, may be the inclusion bodies of 
warts. 
6. The virus is localized in the nucleus and its products: vacuoles and kera-
tohyalin. 
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